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ENCODER ARRANGEMENT 
BACKGROUND OF THE INVENTION 

[0001] The invention relates to an encoder arrangement including a motor with a motor shaft, on 
5 which a timing disk is secured, a signal source of an optical signal as well as a beam mask for 
shaping the optical signal. 

[0002] Encoder arrangements of the aforedescribed type are used to measure various motion 
processes, wherein the measurement signals can be used for controlling or measuring the 
10 position of machine parts. The required measurement accuracy in fast motion processes is very 
high. In addition, care has to be taken that the optical signals travel absolutely parallel, and that 
measurement errors do not occur when the rotation direction changes. 

[0003] Encoders are mass-produced in large quantities. Their costs are determined to a large 
1 5 extent by the manufacturing process and also by the complexity of adjusting the components. 

[0004] It is the object of the present invention to further develop an encoder arrangement in such 
a way that the measuring accuracy is improved while at the same time reducing the production 
costs. 

20 

[0005] It is the object of the present invention to provide an encoder assembly of the initially 
mentioned type in such a way that the measuring accuracy is improved while at the same time 
reducing the production costs 

25 

SUMMARY OF THE INVENTION 
[0006] This object is solved by the invention by the following measures: 

[0007] 1 . The encoding bar of the beam mask is provided with pit and land structures 
30 which have a diffraction and interference structure. 
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[0008] 2. The diffraction structure comprises preferably a 2D-sub-micrometer grating 
structure. 



5 [0009] 3. To reduce manufacturing cost, the beam mask is integrated with a mask support. 

[0010] 4. For increasing the positioning accuracy, the mask support has an opening for the 
motor shaft and a mask region with micro-interference structures and macroscopic structures. 

10 [00 1 1 ] 5 . The wear characteristic of the beam mask can be improved by using 

polycarbonate, wherein the regions between the encoding bars are made transparent and the pit 
and land structures include a thickness difference D, which satisfies the following function: 
D = L/2(n-l) 

with n = 1 .5 and L = wavelength of the optical signal. 
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[0012] 6. If a prismatic body is inserted in the beam path for diverting and shaping the 
beam, then the signals sources and the signal receiver can be disposed on one side of the timing 
disk. 

20 [0013] 7. A particularly good parallelism of the optical signals can be achieved by 

providing the prismatic body with an essentially roof-shaped base structure, wherein the entering 
and exiting beam are reflected at the interior roof surfaces. 

[0014] 8. To use the most simple signals sources, a condenser optic must be integrated into 
25 region of the entering light beam in the base surface of the prismatic body. 

[001 5] 9. For improving the integration and decreasing the manufacturing cost, a mask with 
mask support and the signal source are integrated in the prismatic body. For this purpose, a 
connecting plane is formed in the region of the beam entrance with a form-fit between a printed 
30 circuit board, which supplies power, and the prism. 
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[0016] 10. The printed circuit board has at least one connector plane on which the prismatic 
body together with the signal source and the radiation detector can be arranged using simple plug 
connectors. 

5 [001 7] 11. In a preferred embodiment, the mask support is formed as a precision injection- 
molded part with a common integration plane for the radiation source, the prismatic body and the 
radiation detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0018] The invention will be described hereinafter based on several examples: 
[0019] It is shown in: 

15 [0020] Fig. 1 a mask support with a beam mask including pit and land structures, 

[0021] Fig. 2 a schematic diagram of a prismatic body for beam diffraction and beam 
conversion, 

20 [0022] Fig. 3 an overall explosive view of an encoder system, 

[0023] Fig. 4 a prismatic body with integration and connection plane. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

25 

[0024] Encoding marks of timing disks of encoder arrangements consist typically of a sequence 
of stripes or bars. Typically, stripes with high transmission alternate with stripes with low 
transmission and/or reflection, so that the signals originating from a transmitter are modified by 
the changing optical structures or characteristic features of the transducer element. A signal 
30 processing stage generates from the modified signals information for the position or length 
measurement. 
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[0025] In a preferred embodiment of the present invention, the material measure is built on a 
light-diffracting 2D- sub-micrometer grating structure. In the third dimension, the phase of the 
transmitted or reflected light wave is determined. The light waves either are amplified or 
5 attenuated due to their changed phase when several partial waves interfere. The resulting signal 
can be used in a signal processing device as control signal for position and distance 
measurements. 

[0026] The timing disk of the invention is manufactured, for example, by using a conventional 
10 film technology with an absorption pattern, and the mask is implemented by using a technology 
with a transmissive interference diffraction arrangement. These technologies can be combined to 
integrate functional elements of the sensor-mask application in different ways. 

[0027] Fig. 1 shows a mask region with a micro-structure and macro-structure arranged on a 
15 surface of the mask support. The mask support 1 is subdivided into a mask region 2 and an 

adjusting region 3. The adjusting region 3 consists, for example, of a bore 3 for a motor shaft of 
the encoder (not shown). The recesses 4, 5 provide additional positioning options for supporting 
the mask. 

20 [0028] Fig. 2 shows the beam path in a prismatic body. A condenser optics 6, which can 

improve parallelism and focus the beam, can be positioned on the entrance-side region of the 
beam. Since the prismatic body has a roof-shaped base structure, the entering and exiting beams 
are reflected on the interior roof surfaces 7, 8, so that the beam exits the prismatic body in the 
region of the beam mask 9 parallel to the entrance direction. 

25 

[0029] The structure of the beam mask is based on the pit and land structures and their thickness 
difference D, the value of which is calculated according to the formula recited in claim 5. The 
material of the transducer element can, for example, also consists of polycarbonate with a 
refractive index n = 1.5, which significantly improves the wear characteristic in comparison to 
30 conventional materials. Comparative studies have shown that the lifetime of masks made of the 
material of the invention is increased by a factor of 5 compared to conventional devices. 
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[0030] The overall construction of the encoder arrangement of the invention depicted in Fig. 3 
consists of the following elements: 
motor 10 with motor shaft 1 1 
5 timing disk 12 with hub 13 

printed circuit board 14 with signal receiver 15 

prismatic body 16 with signal source 17 and beam mask 18 

[0031] The illustration shows the following: 
10 All components of the encoder arrangement of the invention are completely integrated, which 
allows their mutual positioning through simple plug connections. This reduces the 
manufacturing costs and increases the manufacturing accuracy by a factor of 10. 

[0032] Fig. 4 shows again more clearly the complete integration of mask, prism, signal source 
15 and signal formation. The prismatic body 18 is provided with a mask support 19 in which the 
mask 20 is integrated. 

[0033] A recess for the signal source is formed in a molded spacer element 21 which extends 
over a portion of the base surface of the prismatic body 18. Additional recesses can be 
20 introduced into the beam path, for example for a condenser optics 23. 

[0034] Preferably, fastening pins 24, 25 are used to position the prismatic body 18 on the 
integrated circuit board. In this way, the optical signal transducer and/or the transducer 
elements, such as the timing disk and timing rulers, can be quickly and exactly positioned with 
25 the help of a simple plug connection. 
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